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ABSTRACT 

B514 is a remote M31 globular cluster which locating at a projected distance of Rp ~ 55 kpc. Deep 
observations with the Advanced Camera for Surveys (ACS) on the Hubble Space Telescope (HST) 
are used to provide the accurate integrated light and star counts of B514. By coupling analysis of 
the distribution of the integrated light with star counts, we are able to reliably follow the profile of 
the cluster out to ~ 40". Based on the combined profile, we study in detail its surface brightness 
distribution in F606W and F814W filters, and determine its structural parameters by fitting a single- 
mass isotropic King model. The results showed that, the surface brightness distribution departs from 
the best-fit King model for r > 10". B514 is quite fiatted in the inner region, and has a larger half- 
light radius than majority of normal globular clusters of the same luminosity. It is interesting that, 
in the My versus log Rh plane, B514 lies nearly on the threshold for ordinary globular clusters as 
defined by Mackey & van den Bergh. In addition, B514 was observed as part of the Beijing- Arizona- 
Taiwan-Connecticut (BATC) Multicolor Sky Survey, using 13 intermediate-band filters covering a 
wavelength range of 3000-8500 A. Based on aperture photometry, we obtain its SEDs as defined 
by the 13 BATC filters. We determine the cluster's age and mass by comparing its SEDs (from 
2267 to 2OOOOA, comprising photometric data in the near-ultraviolet of GALEX, 5 SDSS bands, 13 
BATC intermediate-band, and 2MASS near-infrared JHKg filters) with theoretical stellar population 
synthesis models, resulting in age of 11.5 ± 3.5 Gyr. This age confirms the previous suggestion that 
B514 is an old GC in M31. B514 has a mass of 0.96 — 1.08 x 1O^M0, and is a medium-mass globular 
cluster in M31. 

Subject headings: galaxies: evolution - galaxies: individual (M31) - star clusters: B514 



I 1. INTRODUCTION 

In hierarchical cosmological models, galaxies are built 
up through the continual accretion and merger of smaller 
ones. The signature of these system assembly processes 
is expected to be seen in the outskirts of a galactic halo. 

' Globular clusters (GCs), as luminous compact objects 
that are found out to distant radii in the haloes of mas- 
sive galaxies, can serve as excellent tracers of substruc- 
tures in the outer region of their parent galaxy. So, de- 
tailed studies on GCs in the outer haloes of the local 
galaxies are very important. 

; M31, wit h a distance modulus of 24.47 (Holland '19981; 

I iStanek (^F^ arnavich 1998; McC onnachie ct al. 2005), is 

. an ideal nearby galaxy for studying GCs, since it is 
so near, and contains mo re GCs than all other Local 
Group galaxies co i nbined (iBattistini et al.l [19871 ; iRacind 
[T991I: IHarrislfTOQll : iFusi Pecci et al.lll99,y. Th e study of 
GCs in M31 was initiated by jHubbld dlMl), who dis- 
covered 140 GC candidates with nipg < 18 mag. And 
then, a number of catalogs of GC candi dates were pub- 
lished. For examp le, the Bologna Group (jBattistini et al.l 
ll980lll987Lll993l i did independent searches of GC candi- 
dates and compiled them with their own Bologna num- 
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ber. Bologna catalog contains a total of 827 objects, 
and all the objects were classified into five classes by 
authors' degree of confidence. 353 of these candidates 
were considered as class A or class B by high level 
of confidence, and the others fell into class C, D, or 
E. V magnitude and B ~ V color for most candidates 
were given in the Bologna catalog. There are recent 
works dealin g with the search ed and the catalogs of M31 
GCs (e.g., Mocheiska et al.' '1998'; 'Barmbv & Huchrd 
2001; Galleti et al. 2004, 2006, 2007; Huxor et al. 20051 
2008, 201 1; iKim et al. 2007; Macke v et al.l 12006. 200'| 
2010; .Martin et aU .2006. : .Caldwell et al.l [2009. .20lfl 
Peacock et al.ll20fof ). The continued importance of the 
study of GCs in t his galaxy has been reviewed by 
iBarmbv et all (pOOOl ). 

From the spatial structure and internal stellar kine- 
matics of GCs, we can get information on both their for- 
mation conditions and dynamical evolution within the 
tidal fields of their host galaxies. For example, the struc- 
tural parameters of GCs indicate on what timescales the 
cluster is bound to dissolve. However, the integrated 
properties of GCs, such as age and metallicity, are be- 
lieved to reflect conditions in the early stages of galaxy 
formation (Brodie & Strader 2006). 

The most direct method to determine a cluster's 
age is by employing main-sequence photometry, since 
the absolute magnitude of the main- sequence turnoff is 
predominantly affected by age (see iPuzia eFaH [2OO2L 
and references the rein). However, until recently (cf. 
iPerina et al.l I2OO90 . this method was only applied to 
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the s tar clusters in th e Milky W ay and its sa t ellites 
(e.g., iRich et al.l [200l . although iBrown et all pOOl 
estimated the age of an M31 GC using extremely 
deep images observed with the HST's Advanced Cam- 
era for Surveys (ACS). Generally, the ages of ex- 
tragalactic star clusters are determined by compar- 
ing their observed spectral-energy distributions (SEDs) 
and /or spe ctroscopy with the predictions of SSP mod- 
els ([Winiam s & Hodge 2001a,b; de Griis ct al. 2003b,c,a; 



Bik et al.l T 2003: Jiang et al. 2003; Bcas lev et al.l 12004 : 
Puzia et al. 2005; Fan ct al. 2006; Ma et al l l2006a . 

2011; 



20n7ai l20d9allE l20lH iC aldwcU et aH I200c 
Wang et al.ll2010l: iPerina et al...2011.) 



M31 GC B514 (B f or 'Bologna', s ee Ba ttistini 1987), 
which was detected by iGalleti et al.l (|2005D based on the 
XSC sources of the All Sky Data Release of the Two 
Micron AU Sky Survey (2MASS) within a ~ 9° x 9° 
area centered on M31, is the outermost cluster known 
in M31 at that time, which locating at a projected dis- 
tance of Rp ~ 55 kpc. Now, many new members of M31 
halo GC system, which extending to very large radii , 
have been discovered (e.g., Huxor ct al. 2005, '20081, HoTil; 
[Mackcv_ct al. 2006, 2007, 2010; Martin ct al. 2006!). 

Gal leti et al.l (j2006|) presented deep color-magnitude 
diagram for B514 in F606W and F814W photometry 
obtained with the ACS/ffST, which reveals a steep red 
giant branch (RGB) and a horizontal branch (HB) ex- 
tending blueward of the instability strip showing that 
B514 is a classical old metal-poor GC. iFederici et al.l 
()2007D studied the density profile of B514 bas ed on the 
HST/ACS observations as IGalleti etahl (|20Q6l ) had, and 
they found that the light and the star-count profiles 
sh ow a d epart ure from the best-fitted empirical models 
of EEi (|l96l for r > 8" - as a surface brightness ex- 
cess at large radii, and the star-count profile shows a clear 
break in the correspondence of the estimated tidal radius; 
they also found that B514 has a significantly larger half- 
light radius than ordina ry GCs of the same luminosity. 
IClementini et al.l (|2009f) identified a rich harvest of RR 
Lyrae stars in B514, based on HST Wide Field Planetary 
Camera 2 (WFPC2) and HST/ ACS time-series observa- 
tions. 

Since B514 is located in the halo of M31, i.e., far 
away from the galaxy's disk, it is (for all practical pur- 
poses) only affected by the Galactic foreground extinc- 
tion. About the foreground Galactic reddening in the 
directi on of M31, it was d iscussed by many authors 
/e.g.. Ivan den Berghl IT969t iMc Clurc fc Racind IT961 



iFrogel et al.l Il980t iFusi Pecci et al. ,2005^ and nearly 
similar values were determined such as E(B — V)= 0.08 
W van den Bergh (1969 ), 0.11 by 'McClure & Racine^ 
([1969:) and Hodgei (Il992h . 0.08 by [Frogcl ct al. (1980). 
We argue that the reddening value of B514 should not 
smaller than the foreground Galactic reddening in the 
direction of M31. In this paper, we ad opt the red- 
dening value of E{B - V) = 0. 10 from IGalleti et al.l 
(|2006). The reddening law from iCardelU et all Hl989f) 
is employed in this paper. In addition, throughout this 
paper we adopt a distance to M31 of 783 ± 25 kpc (1" 
subtends 3.8 pc), corresponding to a distance modulus 
of (m - M)o = 24.47 ± 0.07 mag ()McConnachie et al.l 
l2005l) . 

In this paper, we describe the details of the observa- 
tions and our approach to the data reduction with the 



HST/ ACS and the BATC system in §2 and §3. We wih 
study the surface dis tribution of B514 with the King 
models of'King! (1966*) in detai ls, which are developed by 
Michic (1963) and King (119661 ) based on the assumption 
that the GCs are formed by single-mass, isotropic, low- 
ered isothermal spheres (hereafter 'King models'). We 
determine the age and mass of B514 by comparing ob- 
servational SEDs with population synthesis models in §4. 
We provide a summary in §5. 

2. OBSERVATION AND PHOTOMETRIC DATA WITH 
HST/ACS 

The images of B514 used in this paper were observed 
with the ACS/Wide Field Camera (WFC) in the F606W 
and F814W fihers on 2005 July 19 (program ID GO 
10394, PI: N. Tanvir), covering the period 2005, July 
19-20 in F606W (total ioxp = 1776 s) and F814W (total 
tcxp = 2505 s). Upon retrieval from the STScI archive, all 
images were processed by the standard ACS calibration 
pipeline, in which bias and dark subtractions, flatfield 
division, and the masking of known bad pixels are in- 
cluded. Subsequently, photometric header keywords are 
populated. In the final stage of the pipeline, the Mul- 
tiDrizzle software is used to correct the geometric distor- 
tion presented in the images. Finally, any cosmic rays are 
rejected while individual images in each band are com- 
bined into a final single image. We checked the images, 
and did not find saturated cluster stars. Figure 1 show 
the images observed with the ACS/WFC in the F606W 
and F814W. The ACS/WFC spatial resolution is 0.05" 
pixel" ^. 

2.1. Ellipticity, position angle, and surface brightness 

profile 

Surface photometry of the cluster is obtained from the 
drizzled images, using the iraf task ellipse. Its center 
position was fixed at a value derived by object locator of 
ELLIPSE task, however an initial center position was de- 
termined by centroiding. Elliptical isophotes were fitted 
to the data, with no sigma clipping. We ran two passes 
of ELLIPSE task, the first pass was run in the usual way, 
with ellipticity and position angle allowed to vary with 
the isophotc scmimajor axis. In the second pass, sur- 
face brightness profiles on fixed, zero-ellipticity isophotes 
were measured, since we choose to fit circular models for 
the intrinsic cluster structure and the point spread func- 
tion (PSF) as Barmby ct al. (2007) did (see §2.3 for de- 
tails). The background value was derived as the mean of 
a region of 100 x 100 pixels in "empty" areas far away 
from the cluster. We pe rformed the ph o tomet ric calibra- 
tion using the results of iSirianni et al.l ()2005l ): 26.398 in 
F606W and 25.501 in F814W zero-points. Magnitudes 
are derived in the ACS/WFC vegamag system. 

Tables 1 and 2 list the ellipticity, e = 1 — b/a, and the 
position angle (P-A.) as a function of the semi-major axis 
length, a, from the center of annulus in the F606W and 
F814W filters, respectively. These observables have also 
been plotted in Figure 2; the errors were generated by the 
IRAF task ELLIPSE, in which the ellipticity errors are ob- 
tained from the internal errors in the harmonic fit, after 
removal of the first and second fitted harmonics. From 
Table 1 and Figure 2, we can see that, the values of el- 
lipticity and position angle cannot be obtained beyond 
0.9744" in the F606W filter because of low signal-to- 



Globular Cluster in M31 



3 



noise ratio. In addition, Figure 2 shows that the elliptic- 
ity varies significantly with position along the semimajor 
axis radius smaller than ~ 0.1752". Beyond ~ 0.1752", 
the ellipticity does not vary significantly as a function of 
the clusters semimajor axis. The P.A. does not vary as a 
function of the clusters semimajor axis within 0.1752" 
because of high signal-to-noise ratio; however, beyond 
this position, it varies significantly with great errors be- 
cause of low signal-to-noise ratio. 

Tables 3 and 4 list the surface brightness profile, fi, 
of B514, and its integrated magnitude, m, as a function 
of radius in the F606W and F814W filters, respectively. 
The errors in the surface brightness were generated by 
the IRAF task ellipse, in which they are obtained di- 
rectly from the root mean square scatter of the intensity 
data along the zero-ellipticity isophotes. In addition, the 
surface photometries at radii where the ellipticity and 
position angle cannot be measured, are obtained based 
on the last ellipticity and position angle as the iraf task 
ELLIPSE is designed. 

In order to derive the surface brightness profile of B514 
in its outer region, we use the profile from star counts. 
We used the DOLPHOTQ photometry software (Dolphin 
2000a), specifically the ACS module, to photometer our 
images. DOLPHOT performs PSF fitting using PSFs 
especially tailored to the ACS camera. Photometry was 
done simultaneously on all the flat-fielded images from 
the STScI archive (both filters), relative to a deep ref- 
erence image-we used the drizzled combination of the 
F606W image. DOLPHOT accounts for the hot-pixel 
and cosmic-ray masking information attached to each 
flat-fielded image, fits the sky locally around each de- 
tected source, and automatically applies the correction 
for the charge-transfer efficiency (CTE, Dolphin 2000b). 
It then transforms instrumental magnitude to the VEGA- 
MAG system (Dolphin 2000b). A variety of quality infor- 
mation is listed with each detected object, including the 
object type (stellar, extended, etc.), of the PSF fit, 
sharpness and roundness of the object, and a "crowd- 
ing" parameter which describes how much brighter an 
object would have been had neighboring objects not been 
fitted simultaneously. We used the quality information 
provided by DOLPHOT to clean the resulting detection 
lists, selecting only stellar detections, with valid photom- 
etry on all input images, global sharpness parameter be- 
tween —0.3 and 0.3 in each filter, and crowding parame- 
ter less than 0.25 in each filter. 

We join ed the two profiles into one based on the 
method of iFederici et al.l ()2007[ ). This involves match- 
ing the intensity scales of the two profiles by fitting both 
profiles to smooth curves in the region r = 9 — 16". The 
star count profile is listed in Table 5. The errors for the 
star counts take account of Poisson statistical uncertain- 
ties. The joined profile covered the full < r < 40" 
range, as shown in Figure 3. 

2.2. Point spread function 

At a distance of 783 kpc, the ACS/WFC has a scale 
of 0.05" — 0.19 pc pixel^^, and thus M31 clusters are 
clearly resolved with it. Their observed core structures, 
however, are still affected by the PSF. We chose not to 

* http:/ /americano. dolphinsim.com/doIphot/ 



deconvolve the data, instead fitting structural models af- 
ter convolvi ng them with a simpl e ana lytic description of 
the PSF as 'Barmbv et all (120071) and 'McLaughlin et al. 
([2008) did (see Barm bv et all l2007t McLaughlin et al. 
[2008tlMa et al.ll2011L for details). In addition, since this 
PSF f ormul a is radially symmetric and the models of 
iKhia (fT966l) we fit are intrinsically spherical, the con- 
volved models to be fitted to the data are also circularly 
symmetric. 

2.3. Models and fits 
2.3. L Structural models 

After elliptical galaxies, GCs are the best under- 
stood and most thoroughly modelled class of stel- 
lar systems. For example, a large majority of the 
^ 150 Galactic GCs have been fitted by the sim- 
ple models of single-m ass, isot r opic, lower ed isotherma l 
spheres developed by Michic (1963) and iKingl ()1966f ) 
(i.e. King models), yielding comprehensive catalogs of 
clus ter structural parameters and phy sical properties 
(see iMcLaughlin fc van der Marell 120051 and references 
therein). For extragalactic GCs, ffST imaging data have 
been used to fit King models to a large number of GCs in 
M31 (e.g.,£arnibv ct al. 2002, 2007, 2009, and references 
there in), in M3 3 (Larson ct al. 2002) , and in N GC 5128 
(e.g.. [Harris "eral...2002;.McLaughhn et al.ll2008l and ref- 
erences therein) . In addition, there are ot her models use d 
to fit th e surface profile of GCs, including I WilsonI ()1975f) . 
lElson e t al. (1987), and Sersic (1968). In this paper, we 
fit King models to the density profile of B514 observed 
with ACS/WFC. 

2.3.2. Ftts 

Our fitting procedure involves computing in full large 
numbers of King structural models, spanning a wide 
range of fixed values of the appro priate shape parameter 
Wo (see IMcLaughlin fc van der Marcl 2005, in detail). 
And then the models are convolved with the ACS/WFC 
PSF for the F606W and F814W fihers (see B armbv et al.l 
[2007L for details): 

^mod(^ko) = JJZo IraodiR'/ro) X /pSF [{x - x'), {y - y')] 

dx' dy' , (1) 

where /,„od = Imod/Io fsee IMcLaughlin et al.l 120081 in 
detail). We changed the luminosity density to surface 

brightness Ji*-^^^ = —2.5 log [I*^od\ before fitting them 
to the observed surface brightness profile of B514, /i = 
/xo — 2.5 log [/(i?/ro)//o], finding the radial scale vq and 
central surface brightness /io which minimizing for 
every given value of Wq. The (Wo,?'o,/io) combination 
that yields the global minimum Xmin over the grid used 
defines the best-fit model of that type: 

in which cr^ is the error in the surface brightness. Es- 
timates of the one-sigma uncertainties on these basic fit 
parameters follow from their extreme values over the sub- 
grid of fits with /v < Xmin/^+ 1; here v is the number 
of free parameters. Figure 3 shows our best King fits to 



4 



Ma et al. 



HST image in F606W 




Fig. 1.— The images of GC B514 observed in the F606W and F814W filters of ACS/HST. The image size is 20" x 20" for each panel. 



Globular Cluster in M31 



5 



CD 

§ 0.5 



^ 1 

S 0.5 

_200 
1 150 
§ 100 

^ 50 

_200 
^ 150 

5 100 
< 50 





It 


1 1 1 1 


1 1 1 1 1 1 1 1 1 1 1 _ 


^ — — ^ — I — h 


1 1 1 1 1 1 


1 1 1 


— I — I — I — I — — I — I — I — I — — I — 


1 1 1 1 1 1 1 1 


1 1 

in 


^ — 1 — 1 — 

...1 

) \ 


1 1 1 1 1 1 1 1 1 H£ 


=H — — I — I — I — I — — I — I — h 
L i*fi*i*Hi^Hiii.i...i^ 


H 1 — 

1 


^ — 1 — 1 — 

}.... * 

, 


1 1 1 1 1 1 


1 1 1 



-1.5 



1 -0.5 

loga(arcsec) 



0.5 
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B514. In Figure 3, open squares are ellipse data points 
included in the least-squares model fitting, and the aster- 
isks are points not used to constrain the fit; black circles 
are star-counts points included in the model fitting, 
and red circles are star-counts points not used to con- 
strain the fits. These observed data points shown by as- 
terisks are included in the radius of i? < 2 pixels = O'.'l, 
and the isophotal intensity i s dependent on its neigh- 
bors. As iBarmbv et al.l ()2007[ ) pointed out that, the el- 
lipse output contains brightnesses for 15 radii inside 2 
pixel, but they are all measured from the same 13 cen- 
tral pixels and are not statistically independent. So, 
to avoid excessive weighting of the central regions of 
B514 in the fits, we only used intensities at radii Rmin, 
Emin - f (0.5, 1.0,2.0) pixels, or i? > 2.5 as IBarmbv et alj 
(j2007[) used. Table 6 summarizes the results obtained in 
this paper. 

From Figure 3, we can note that the surface bright- 
ness distribution departs from the best-fit King model 
for r > 10", which can be interpreted as the presence of 
a po pulation of ex t ratida l stars around the cluster. In 
fact. Fede rici et all (|2007l ) have reported this population 
of extratidal stars (see their Fig. 5 and their discussions). 

2.4. Distribution of B514 in the My vs. log Rh plane 

The distribution of stellar systems in the My 
vs. log Rji plane can provide interesting in- 
formation on the evolutionary history of these 
objects (e.g.. Ivan den Bergh fc MackevI l200l 
iMackev fc van den Berghll2005D . In this plane, the half- 
light radius is an important parameter, which can be 
used to trace the initial size of a cl uster, since it changes 
little i l l evo l ution process fsee iSpitzer fc ThuanI IT972I: 



!ss (see i&pitzer & inuani iiiji-a 
HenonI 119731 : iLightman fc Shapiro! Il978t iMurphv et al.l 



199a for details). 



Recently. Ivan den Bergh fc MackevI (|2004f) and 
IMackev fc van den Berghl ( 20051) showed that in a plot 
of luminosity versus half-light radius, the overwhelming 
majority of normal Galactic GCs lie below (or to the 
right) of the line: 



logi?ft(pc) 0.25My(mag) + 2.95. 



(3) 



Exceptions to this rule are massive clusters, such as 
M54 and w Centauri in the Milky Way, and Gl in M31, 
which are widely believed to be the remnant cores of now 
defunct dwarf galaxies (Zinnccker et al. 1988; Freeman 
119931 iMeylan e t al. 200 11). Because the well-know n giant 
GC NGC 2419 dvan den Bergh fc Mackevl l200^ in the 
Galaxy and 037-B327 (|Ma et al.ll2006bD in M31 also lie 
above this line, it has been speculated that these two 
objects might also be the rem nant cores of dwarf galaxies 
(but see lde Griis et al.ll2005L for doubts regarding NGC 
2419). 

With the value of Rh (i.e. r^) in the F606W filter 
obtained in this paper, we plot the relationship of My 
versus log Rh in Figure 4, in which My = —9.02 which 
being derived based on my — 15.76 from ' Huxor et al.l 
(|2008( ). It is interesting that, on this plot B514 is seen to 
lie nearly on the line defined by equation (3). Consider- 
ing the uncertainties of Rh and My, a certain conclusion 
may not be presented here. However, we argued that, 
B514 is a medium-mass GC in M31 (see §4.4 for details), 
and is not as massive as Gl and 037-B327 (see , Ma et al.i 



I2006allbl . [2007bll2009bl . for details). Furthermore, and for 
completeness, in Figure 4 we have also included GCs in 
the Milky Way, M31 and M33. Galactic GCs are from 
the on-line data base of Harris (1996) (2010 update). 
This new revision of the McMaster catalog of Galac- 
tic GCs is the first update since 2003 and the biggest 
single revision since the original version of the catalog 
published in 1996. The starting points for the present 
list of structural parameters are the major compilations 
of'McLaughlin fc van der Marel (2005) and Tr ager et al.l 
(1995). McLau ghlin fc van der Marel (2005) used the 
same raw data as lTrager et a l. (1995), and derived struc- 
tural parameter values from iKing (.1966i) dynamical pro- 
file models. M31 GCs a r e from rece nt compilations 
of data by 'Barmb v et all (120071 I2009D. IM ackev et al.l 
J2OO6, 2007). M33 GCs are from lCockcroft et al. (201l!). 
IBarmbv et al.l (2007) derived structural parameters for 
34 GCs in M31 based on ACS/JfST observations, and 
the derived structural parameters are combined with 
corrected versions of those measured in an earlier sur- 
vey in order to construct a comprehensive catalog of 
struc tural and dynam ical parameters for 93 M31 GCs. 
Barm bv et al.l (|2009l ) measured structural parameters 
for 23 bright young clusters in M31 based on the 
ffS'T/WFPC2 observations, and suggested that on av- 
erage they are l arger and mor e conc entrated than typi- 
cal old clusters. IMackev et al.l ()2006[ ) determined struc- 
tural parameters for 4 extended, luminous globular clus- 
ters in the outskirts of M31 based on ACS /HST obser- 
vation s. T hese objects w e re dis co vered by Huxor et al.l 
(|2005[) and iMartin et all (|2006l ). IMackev et al.l H2007f ) 
derived structural parameters for 10 classical GCs in the 
far ou ter regions of M31 ba sed on ACS/WFC observa- 
tions. iCockcroft et al.l (|2011l ) searched for outer halo star 
clusters in M33 as part of the Pan- Andromeda Archaeo- 
logical Survey using the images taken with the Canada- 
France-Hawaii Telescope (CFHT)/MegaCam, and found 
one new unambiguous star cluster in addition to the five 
previously known in the M33 outer halo, and determined 
structural parameters for these 6 outer halo clusters. 

From Figure 4, we can see that, for the data of Galactic 
GCs which updat ed in 2010, in addition to t he clu sters 
already noted by IMackev fc van den Berghl ()2005D , i.e. 
M 54 (NGC 6715), w Gen (NGC 5139), NGC 2419, there 
are three other bright GCs (NGC 104, NGC 5272, and 
NGC 5024) lying above the "ordinary globular clusters" 
threshold. For M31 star clusters, in addition to Gl, there 
are 26 other bright clusters lying above the line defined 
by equation (3) . All of these object s are classified as GCs 
(IBarmbv et al.ll2007l: IMackev et al.ll2007D or bright young 
clusters (|Barmbv et al.ll2009D . For 4 extended, luminous 
GCs in the outskirts of M31, they all lie above the line 
defined by equation (3). 

Based on F606W and F814W images of B514 obtained 
with the ACS/ HST (prog ram ID GO 10565, PI: S. Gal- 
leti), iFederici et al.l ()2007f ) also studied in detail its sur- 
face brightness distribution in F606W and F814W filters, 
and determine its structural parameters by fitting a lKingl 
(jT962) model to a surface brigh t ness profile. Compar- 
ing the results of IFederici et al.l ()2007l ) with Table 6 of 
this paper, we find that our model fits produce smaller 
tidal radii, which resulting in smal ler half-light, o r effec- 
tive, radii of a model. In addition, IFederici et al.l (|2007D 
adopted Aly = —9.1 being brighter than My = —9.02 
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Fig. 3. — Surface brightness profile of B514 measured in tfie F606W and F814 filters. Dashed curves (blue) trace the PSF intensity profiles 
and solid (red) curves are the PSF-convolved best-fit models. Open squares are ELLIPS data points and black circles are star-counts profiles 
included in the model fitting, and the asterisks are ELLIPS data points and red circles are star-counts profiles not used to constrain the 
fits (see the text in detail). 



adopted here. So, in iFederici et"all ()2007[ ). B514 lied 
above and brightward of the line defined by equation (3). 

3. ARCHIVAL IMAGES OF THE BATC MULTICOLOR SKY 
SURVEY, 2MASS AND GALEX AND PHOTOMETRIC 
DATA OF SDSS 

In this section, we will determine the magnitudes of 
B514 based on the archival images of the BATC Multi- 
color Sky Survey, 2MASS and GALEX using a standard 
aperture p hotometry app roach, i.e., the phot routine in 
DAGPHOT (|Stetsonlll987f ). In addition, we will introduce 
the photometric data of B514 fr om the Sloan Dig ital Sky 
Survey (SDSS) obtained bv .Peacock et all ([2011 



3.1. Intermediate-band photometry of B514 

Observations of B514 were also obtained with the 
BATC 60/90cm Schmidt telescope located at the Xin- 
glong station of the National Astronomical Observatory 
of China (NAOC). This telescope is equipped with 15 
intermediate-band filters covering the optical wavelength 
range from 3000 to 10000 Afsee lFan et all [2001 for de- 
tails). Figure 5 shows a finding chart of B514 in the 
BATC b band (centered at 5795 A). 

The BATC survey team obtained 47 images of B514 
in 13 BATC filters between 2005 March 1 and 2006 De- 



8 



Ma et al. 



1.5 









0.5 







n I r 



NCC2419 

. i 





X 



u Cen 

A NCC5272 X go A 

* A/ A qO 




17 I r 



oo 










<§>, 









^ X 

NCCipO" ^0 c(B C8 

xo^ '^"^oqB^x^ XX X 

Ox,? ^ (PcP^ny 
^0 X QD X^ gO)^ Q Q 

ox X )fe X 
X 09)0 ( 

V ^ 

6^ X 







_l I I I I I I I I I I I I I I I I I I l_ 

-10 -8 -6 -4 -2 
My (mag) 
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are outer M31 GCs from lMackev et al.l 1)20071 ): black filled circles are M33 outer halo clusters from lCockcroft et al.l 1)20111) : the black square 
is B514 derived here. 



cember 9. Table 7 contains the observation log, includ- 
ing the BATC filter names, the central wavelength and 
bandwidth of each filter, the number of images observed 
through each filter, and the total observing time per fil- 
ter. Multiple images through the same filter were com- 
bined to improve image quality (i.e., increase the signal- 
to-noise ratio and remove spurious signal). 

Calibration of the magnitude zero level in the BATC 
photometric system is similar to that of the spectropho- 
tometric AB m agnitude system. For fiux calibration, 
the Oke-Gunn (|Oke fc Gum3 [Tosl primary fiux stan- 
dard stars HD 19445, HD 84937, BD -K26°2606, and 
BP -|-17°4708 w ere observed during photometric nights 
(|Yan et al.ll2"500l ). Column (6) of Table 7 gives the zero- 
point errors in magnitude for the standard stars through 
each filter. The formal errors obtained for these stars in 
the 13 BATC filters used are < 0.02 mag, which implies 
that we can define photometrically the BATC system to 



an accuracy of better than 0.02 mag. 

We determined the intermediate-band magnitudes of 
B514 on the combined images. The (radial) photometric 
asymptotic growth curves, in all BATC bands, fiatten 
out at a radius of ~ 13". Inspection ensured that this 
aperture is adequate for photometry, i.e., B514 does not 
show any obvious signal beyond this radius. Therefore, 
we use an aperture with r « 13" for integrated photom- 
etry. Since B514 is located in the M31 halo, contami- 
nation from background fluctuations can be neglected. 
We adopted annuli for background subtraction spanning 
between 14 to 20". The calibrated photometry of B514 
in 13 filters is summarized in column (7) of Table 7, in 
conjunction with the la magnitude uncertainties, which 
include uncertainties from the calibration errors in mag- 
nitude from DAOPHOT. 

3.2. Near-infrared 2MASS photometry of B514 
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Fig. 5. — Image of B514 in the BATC b band, obtained with the NAOC 60/90cm Schmidt telescope. B514 is circled using an aperture 
with a radius of 13". The field of view of the image is 4.3' X 4.3'. 

B514 was detected by iGalleti et all ()2005D based on 
the XSC sources of the Ah Sky Data Release of 2MASS 
within a ~ 9° X 9° area centered on M31. In order to ob- 
tain accurate photometry for B514 in JHR^, we down- 
load the images in JHKg filters including B514. The 
image in each filter is combined using 6 frames of 1.3 
seconds, so the total exposure time of image in each fil- 
ter is 7.8 seconds. The mosaic p ixel scale of the final 
atlas image is resampled to 1" (see iSkrutskie et al1l2006L 
for details) . The relevant zero-points for photometry are 
20.9210, 20.7089, and 20.0783 in J, H, and Ks magni- 
tudes, respectively, which are presented in photometric 
header keywords. We use an aperture with r — 13" for 
integrated photometry, and annuli for background sub- 
traction spanning between 14" to 19". The calibrated 
photometry of B514 in J, H, and Ks filters is summa- 
rized in Table 8, in conjunction with the Icr magnitude 



uncertainties obtained from daophot. 

3.3. GALEX Ultraviolet photometry of B514 

While the principle science goal of the Galax y 
Evolution Exp l orer ( GALEX, iMartin et all (|2005| ): 
IMorrissev et al.l (120071) 1 has been the study of star for- 
mation in the local and intermediate-redshift universe, 
nearby galaxies such as M31 have also been surveyed, 
taking advantage of the wide (1-2°) field of view of 
GALEX. The B514 images were obtained as part of the 
guest program carried out by GALEX in two UV bands: 
far-ultraviolet (FUV) (Ach = 1539 A, FWHM « 270 A), 
and near-uhraviolet (NUV) (Aoff = 2316 A, FWHM« 
615 A) with resolutio n 4.2" (FUV) and 5.3" (NUV) 
(|Morrissev et al.l I2007D . The exposure times are 1616 
seconds in FUV and 1704 seconds in NUV. The images 
are sampled with 1.5" pixels. The data was downloaded 
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from the MAST archive. The relevant zero-points for 
photometry are 20.08 and 18.82 in NUV an d FUV mag- 
nitudes, respectively (jMorrissev et aL|[2007D . We use an 
aperture with r = 12" for integrated photometry, and an- 
nuh for background subtraction spanning between 13.5" 
to 19.5". The cahbrated photometry of B514 in NUV 
and FUV fihers is summarized in Table 8. From Table 
8, we can see that the la magnitude uncertainties are 
great, especially the magnitude uncertainty in FUV is 
very great (2.3 magnitude), i.e. the signal-to-noise ratios 
of these images are low, especially the signal-to-noise ra- 
tio of the image in FUV is very low. Since the magnitude 
uncertainty in FUV is very great, we will not use it when 
fitting to derive the age of B514 in §4. 

3.4. Photometric data of B514 from SDSS 

iPeacock et al.l (|2010l ) presented an updated catalog of 
M31 GCs based on images from the Wide Field Camera 
(WFCAM) on the United Kingdom Infrared Telescope 
and from the SDSS, in which ugriz and K-hand pho- 
tometry are determined. In this catalog, B514 is named 
H6 from iHuxor eFall (|2008l ). and ugriz photometry is 
presented. 

4. STELLAR POPULATION OF B514 

4.1. Metallicity of B514 

Cluster SEDs are determined by the combination of 
their ages and metallicities, which is often referred to as 
the age-metallicity degeneracy. Therefore, the age of a 
cluster can only be constrained accurately if the metallic- 
ity is known with confidence, from independent determi- 
nations. There exist four metallicity determinations for 
B514: namely, [Fe/H] = —1.8 ± 0.3 (spectroscopic from 
Galleti et al. 2005), -1.8 ±0.15 (from the CMD; Galleti 
et al. 2006), -2.14 ±0.15 (from the CMD; Mackey et al. 
2007), and — 2.G6±0.16 (spectroscopic from Galleti et al. 
2009), which are consistent. In order to adopt a reason- 
able value of metallicity for B514, the mean value of these 
four independent determinations, i.e. [Fe/H] = —1.95, is 
adopted in this paper. 

4.2. Stellar populations and synthetic photometry 

To determine the age and mass of B514, we com- 
pared its SEDs with theoretical stellar population syn- 
thesis models. The SEDs consist of photometric data 
in NUV of GALEX, 13 BATC intermediate-band and 
2MASS near-infrared JHKg filters obtained in this pa- 
per, and o f the photome t ric da ta in 5 SDSS filters ob- 
tained by IPeacock et al.l ()2010D . We will not include 
the photometric datum in the FUV band when con- 
straining the age of B514 because of its large photo- 
metric error (2.3 magnitude), i.e. the photometric da- 
tum is not accurate. B514 is a very metal poor GC 
(see discussions above). So, we use the SSP models of 
iBruzual fc CharlotI (|2003l) (he reafter BC03), which have 
been upgraded from the earlier iBruzual fc Charloti (|1993l 
[19961) versions, and now provide the evolution of the spec- 
tra and photometric properties for a wide range of stellar 
metallicities. For example, BC03 SSP models based on 
the Padova-1994 evolutionary tracks include six initial 
metallicities, Z = 0.0001, 0.0004, 0.004, 0.008, 0.02 (Zq), 
and 0.05, corresponding to [Fe/H] = —2.25, —1.65, 
-0.64, -0.33, +0.09, and +0.56. BC03 provides 26 SSP 



models (both of high and low spectral resolution) us- 
ing the Padova-1994 evoluti onary tracks, ha lf of which 
were computed based on the iSalpeterl (|1955[ ) IMF with 
lower and upper-mass cut-offs of ttil = 0.1 Mq and 
mu = 100 Mq, respectively. The other thirteen were 
computed using the Chabrier] (120031 ) IMF with the same 
mass cut-offs. In addition, BC03 provide 26 SSP mod- 
els using the Padova-2000 evolutionary tracks which in- 
cluding six partially different initial metallicities, Z = 
0.0004, 0.001, 0.004, 0.008, 0.019 (Zq), and 0.03, i.e., 
[Fc/H] = -1.65, -1.25, -0.64, -0.33, +0.07, and +0.29. 
In this paper, we adopt the high-resolution SSP models 
using the Padova-1994 evolutionary tracks to determine 
the most appropriate age for B514 since its metallicity 
is [Fe/H] = -1.95, and a Salpeter (1955) IMF is used. 
These SSP models contain 221 spectra describing the 
spectral evolution of SSPs from 1.0 x 10^ yr to 20 Gyr. 
The evolving spectra include the contribution of the stel- 
lar component at wavelengths from 9lA to 160 /im. 

Since our observational data are integrated luminosi- 
ties through a given set of filters, we convolved the theo- 
retical SSP SEDs of BC03 with the GALEX NUV, SDSS 
ugriz, BATC a - n and 2MASS JHKs fiher response 
curves to obtain sy nthetic op tical an d NIR photometry 
for comparison (see lMa et aLll2009al|bl : IWang et al.ll2010l : 
iMa et al.l[20TTl for details). 

4.3. Fit results 

We use a minimization approach to examine which 
SSP models are most compatible with the observed 
SEDs, following 

2 _ ^ - ml°Ht)]^ 

1=1 « 

where m'^°'^{t) is the integrated magnitude in the zth 
filter of a theoretical SSP at age t, to™*"' represents the 
intrinsic integrated magnitude in the same filter, and ai 
is the magnitude uncertainty, defined as 

2 2 I 2 I 2 /r\ 

^''j — ^obs,i + '''mod.i + '^md.i- ) 

Here, (Tobs.i is the observational uncertain ty from Tables 
7 and 8 of this paper, and Table 1 of IPeacock et al.l 
(|2010f ). (Tmod.i is the uncertainty associated with the 
model itself, and (Tmd.i is associated with t he uncertainty 
with t he distance modulus adopted here. iCharlot et al.l 
(|1996l ) estimated the uncertainty associated with the 
term CTmod.i by comparing the colors obtained from differ- 
ent ste Uar e volutionary tr acks and spectral li braries. Fol- 
lowinglMaet al (2009a) jMa et al.l (|2009b[ ). IWang et al.l 
I20m and fMa et al.1 (12011) . we adopt c7,,-,o d.i = 0.0 5 mag. 
For (Tmd.i, we adopt 0.07 from McConnachi e et aL| p005). 

Before fitting, we obtained the the theoretical SEDs for 
the metallicity [Fe/H] = —1.95 model by interpolation of 
between [Fe/H] = —2.25 and —1.65 models. 

Since the observed magnitudes in the 2MASS photo- 
metric systems are given in the Vega system, we trans- 
formed them to the AB system for our fits. The photo- 
metric offsets in the 2MASS filters between the Vega and 
AB systems were obtained b ased on equations (7) and 
(8) in the manual provided bv IBruzual fc Charloti ()2003l ) 
(bc03.ps). The best-reduced Xmin/'^ = 0-^ is achieved 
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with an age of 11.5 ± 3.5 Gyr (1 tr uncertainties), v = 2\ 
is the number of free parameters, i.e., the number of ob- 
servational data points minus the number of parameters 
used in the theoretical model. In Figure 6, we show the 
intrinsic SEDs of B514, the integrated SEDs of the best- 
fitting model, and the spectra of the best-fitting model. 
From Figure 6, we can see that the BC03 SSP models 
cannot fit the photometric data point in H band as well 
as the other 21 data points, i.e. the observed magnitude 
is brighter than the model one in the H band. How- 
ever, the ph o tomet ric data point in the H band from 
IGalleti et all (pOOSl ) can be fitted by BC03 SSP models 
as well as the other 21 data points, and the fitting re- 
sult (the age of B514) is in agreement with one obtained 
above (11.5 ± 3.5 Gyr) within the uncertainty. 

much better fitted by BC03 SSP models than the data 
value derived in this paper, and the fitting results are 
consistent within the uncertainty. 

4.4. Mass of B514 

We next determined the mass of B514. The BC03 SSP 
models are normalized to a total mass of IMq in stars 
at age t = 0. The absolute magnitudes (in the Vega 
system) in V, SDSS ugriz and 2MASS JHR^ filters are 
included in the BC03 SSP models. The difference be- 
tween the intrinsic absolute magnitudes and those given 
by the model provides a direct measurement of the clus- 
ter mass. To reduce mass uncertainties resulting from 
photometric uncertainties based on only magnitudes in 
one filter (in general the V band is used), we estimated 
the mass of B514 using magnitudes in the V, ugriz and 
JHKs bands. The resulting mass determinations for 
B514 are listed in Table 9 with their la uncertainties. 
From Table 9, we can see that the mass of B514 obtained 
based on the magnitudes in different filters is consistent 
except for one in the H band. In fact, the observed 
magnitude is brighter than the model one in H band 
(see discussion in §4.3). So, the mass of B514 derived 
based on the magnitude in the H band is more massive 
than its true one. The mass of B5 14 derived based on 
the mag nitude in the H band from IGalleti et all H2005f ) 
is in agreement with ones derived based on the magni- 
tudes in the other 8 bands. Table 9, we know that the 
obtained mass of B514 is between 0.96 - 1.08 x IO^Mq 
not including one in the H band. Compa ring with 037 - 
B327 [7Wo37-B327 8.5 x IO^Mq (Bar mbveral|[205^ 

or A1o37-B327 

3.0 ± 0.5 X IO^Mq (Ma et al.'i2006aD] 
and Gl [Mqi - (7 - 17) x IO^Mq (Mcvlan ct al. 20011) 
or Mgi ~ (5.8 - 10.6) x lO^M© (|Ma et al.ll2009bll] in 
M31 and w Cen [M^ ccn - (2.9 - 5.1) x IG^Mq (IMevlanI 
|2002|) ] in the Milky Way, the most massive clusters in 
the Local Group, B514 is only a medium-mass globular 
cluster. 

5. SUMMARY 

In this paper, we determined the structural parame- 
ters of one remote globular cluster B514 known in M31 
based on F606W and F814W images obtained with the 
ACS/ffST. By performing a fit to the surface brightness 
distribution of a single-mass isotropic King model, we 
derive its parameters: the best-fitting scale radii rp = 
0.36;^;^^ arcsec (= 1.35j:|^:i^^ pc) and 0.36tg;^^ arcsec (= 
l-35;o;22 pc), tidal radn n = 16.08j:i:35 arcsec (= 



Ql.lltlfi pc) and 16.79j:}:^^ arcsec (= 63.78j:|^^ pc), 
and concentration indexes c = log(rt/ro) = 1.66to;o4 
and 1.68;5J;EJ4 in F606W and F814W, respectively; the 
central surface brightnesses are 16.25^0 se "lag arcsec"^ 
and lhMt°ofi mag arcsec'^ in F606W and F814W, 
respectively; the half-light, or effective, radius of a 
model that contains half the total luminosity in pro- 
jection, at r/i = 1.3llQ;Jg arcsec {— 5.00lo32 pc) and 

1.36l:o P arcsec (= 5.17;^;3^ pc) in F606W and F814W, 
respectively. The results show that, the surface bright- 
ness distribution departs from the best-fit King model 
for r > 10". In addition, B514 was observed as part of 
the BATC Multicolor Sky Survey, using 13 intermediate- 
band filters covering a wavelength range of 3000-80,000 
A. Based on aperture photometry, we obtain its SEDs as 
defined by the 13 BATC filters. We determine the clus- 
ter's age by comparing its SEDs (from 2267 to 20,000A, 
comprising photometric data in the NUV of GALEX, 
13 BATC intermediate-band filters, and 5 SDSS filters, 
and 2MASS near-infrared JHKs data) with theoretical 
stellar population synthesis models, resulting in an age 
of 11.5 ± 3.5 Gyr. This age confirms previous sugges- 
tions that B514 is an old GC in M31. B514 has a mass 
of 0.96 — 1.08 X lO^M©, and is a medium- mass globular 
cluster in M31. 

We would like to thank the anonymous referee for pro- 
viding rapid and thoughtful report that helped improve 
the original manuscript greatly. This work is partly 
based on observations made with the NASA/ESA Hub- 
ble Space Telescope, obtained at the Space Telescope Sci- 
ence Institute, which is operated by AURA, Inc., under 
NASA contract NAS 5-26555. These observations are as- 
sociated with proposal 10394. This work was supported 
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Fig. 6. — Best-fitting, integrated theoretical BC03 SEDs compared to the intrinsic SED of B514. The photometric measurements are 
shown as symbols with error bars. Open circles represent the calculated magnitudes of the model SED for each filter. 
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TABLE 1 

B514: ELLIPTICITY, e, and position angle (P.A.) as a function of the SEMIMAJOR axis, O, in the F606W FILTER OF HST ACS-WFC 
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TABLE 2 

B514: ELLIPTICITY, e, AND POSITION ANGLE (P.A.) AS A FUNCTION OF THE SEMIMAJOR AXIS, O, IN THE F814W FILTER OF HST ACS-WFC 
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TABLE 3 

B514: Surface brightness, h, and integrated magnitude, m, as a function of the radius in the F606W filter of HST 

ACS-WFC 
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(mag/arcsec ) 
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(mag/circsec ) 
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143 


19 
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19 
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22 


568 dzO 


117 
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19 
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22 


904 dzO 
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19 
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23 


113 dz 
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2120 
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18 
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23 


359 dzO 
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18 
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23 
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18 
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24 
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18 
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24 


331 dzO 
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18 
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24 


692 dzO 


082 


15.560 
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17.199 dzO 


076 


17 
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8.7247 


25 


101 dzO 


116 


15.545 





3757 


17.285 dz 
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17 


835 
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25 


328 dzO 


118 


15.534 
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17.366 dz 


060 


17 
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10.5569 


25 


526 dzO 


127 


15.518 





4545 


17.439 dz 


064 


17 


532 


11.6126 


25 


840 dzO 


164 


15.496 





5000 


17.490 dz 


074 


17 


382 


12.7738 


26 


212 dzO 


170 


15.483 





5500 


17.630 dzO 


072 


17 


249 


14.0512 


26 


527 dzO 


176 


15.469 





6050 


17.881 dz 


058 


17 


108 


15.4564 


26 


951 dzO 


233 


15.462 
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TABLE 4 

B514: Surface brightness, and integrated magnitude, m, as a function of the radius in the F814W filter of HST 

ACS-WFC 





R 






m 


R 






m 


(axcsec) 


(mag/arcsec ) 


(mag) 


(arcsec) 


(mag/circsec ) 


(mag) 





0260 


15 


810 ± 0.050 


22.224 


0.6655 


17.332 ± 


068 


16.278 





0287 


15 


819 ± 0.055 


22.224 


0.7321 


17.451 ± 


077 


16.166 





0315 


15 


828 ± 0.061 


22.224 


0.8053 


17.601 ± 


105 


16.068 





0347 


15 


839 ± 0.068 


22.224 


0.8858 


17.837 ± 


096 


15.966 





0381 


15 


850 ± 0.076 


22.224 


0.9744 


18.048 ± 


098 


15.875 





0420 


15 


862 ± 0.085 


22.224 


1.0718 


18.007 ± 


179 


15.791 





0461 


15 


874 ± 0.095 


22.224 


1.1790 


18.194 ± 


245 


15.686 





0508 


15 


888 ± 0.107 


20.601 


1.2969 


18.447 ± 


336 


15.613 





0558 


15 


903 ± 0.118 


20.601 


1.4266 


18.755 ± 


190 


15.533 





0614 


15 


917 ± 0.126 


20.601 


1.5692 


19.082 ± 


151 


15.460 





0676 


15 


931 ± 0.135 


20.601 


1.7261 


19.078 ± 


335 


15.394 





0743 


15 


947 ± 0.144 


20.013 


1.8987 


19.444 ± 


186 


15.328 





0818 


15 


965 ± 0.152 


20.013 


2.0886 


19.540 ± 


232 


15.261 





0899 


15 


982 ± 0.160 


20.013 


2.2975 


19.965 ± 


199 


15.203 





0989 


15 


999 ± 0.169 


20.013 


2.5272 


20.101 ± 


259 


15.150 





1088 


16 


015 ± 0.169 


19.656 


2.7800 


20.402 ± 


164 


15.096 





1197 


16 


034 ± 0.159 


19.170 


3.0580 


20.718 ± 


310 


15.045 





1317 


16 


024 ± 0.157 


19.170 


3.3638 


21.153 ± 


126 


15.012 





1448 


16 


022 ± 0.151 


18.989 


3.7001 


21.253 ± 


322 


14.975 





1593 


16 


055 ± 0.137 


18.589 


4.0701 


21.778 ±0 


116 


14.944 





1752 


16 


072 ± 0.128 


18.589 


4.4772 


22.117 ±0 


088 


14.920 





1928 


16 


078 ± 0.118 


18.384 


4.9249 


22.297 ± 


119 


14.898 





2120 


16 


120 ± 0.098 


18.153 


5.4174 


22.484 ± 


174 


14.874 





2333 


16 


171 ± 0.070 


17.959 


5.9591 


22.916 ± 


113 


14.845 





2566 


16 


225 ± 0.059 


17.715 


6.5550 


23.213 ±0 


123 


14.826 





2822 


16 


287 ± 0.070 


17.639 


7.2105 


23.470 ± 


125 


14.800 





3105 


16 


367 ± 0.092 


17.441 


7.9316 


23.880 ± 


088 


14.778 





3415 


16 


454 ± 0.098 


17.275 


8.7247 


24.263 ± 


121 


14.763 





3757 


16 


558 ± 0.089 


17.116 


9.5972 


24.457 ± 


132 


14.752 





4132 


16 


646 ± 0.067 


16.944 


10.5569 


24.607 ± 


158 


14.735 





4545 


16 


708 ± 0.070 


16.814 


11.6126 


24.935 ± 


155 


14.710 





5000 


16 


740 ± 0.082 


16.659 


12.7738 


25.294 ± 


197 


14.697 





5500 


16 


878 ± 0.098 


16.524 


14.0512 


25.649 ± 


231 


14.681 





6050 


17 


137 ± 0.079 


16.380 


15.4564 


26.034 ± 


379 


14.674 



TABLE 5 

B514: Surface brightness profiles fi from star counts 



R 

(arcsec) 



IJ^Feoew 
(mag/arcsec^) 



R 

(arcsec) 



/iF814W 
(mag/arcsec^) 

















7.9625 


23 


831 







066 


9.1875 


24 


961 


± 





072 


9.1875 


24 


181 


± 





072 


10 


4125 


25 


297 


± 





079 


10 


4125 


24 


517 


± 





079 


11 


6375 


25 


622 


± 





087 


11 


6375 


24 


842 


± 





087 


12 


8625 


25 


905 


± 





095 


12 


8625 


25 


125 


± 





095 


14 


0875 


26 


361 


± 





111 


14 


0875 


25 


581 


± 





111 


15 


3125 


26 


694 







125 


15 


3125 


25 


914 


± 





125 


16 


5375 


26 


998 


± 





138 


16 


5375 


26 


218 


± 





138 


17 


7625 


27 


310 


± 





154 


17 


7625 


26 


530 


± 





154 


18 


9875 


27 


360 


± 





152 


18 


9875 


26 


580 


± 





152 


20 


2125 


27 


517 


± 





158 


20 


2125 


26 


737 


± 





158 


21 


4375 


27 


703 


± 





168 


21 


4375 


26 


923 


± 





168 


22 


6625 


27 


816 


± 





172 


22 


6625 


27 


036 


± 





172 


23 


8875 


28 


050 


± 





186 


23 


8875 


27 


270 


it 





186 


25 


1125 


28 


240 


± 





198 


25 


1125 


27 


460 


± 





198 


26 


3375 


28 


292 







198 


26 


3375 


27 


512 


± 





198 


27 


5625 


28 


630 


± 





226 


27 


5625 


27 


850 


± 





226 


28 


7875 


28 


725 


± 





231 


28 


7875 


27 


945 


± 





231 


30 


0125 


28 


722 


± 





226 


30 


0125 


27 


942 


± 





226 


31 


2375 


28 


864 


± 





237 


31 


2375 


28 


084 


± 





237 


32 


4625 


29 


201 


± 





271 


32 


4625 


28 


421 


± 





271 


33 


6875 


29 


242 


± 





271 


33 


6875 


28 


462 


± 





271 


34 


9125 


29 


350 


± 





280 


34 


9125 


28 


570 


± 





280 


36 


1375 


29 


543 


± 





301 


36 


1375 


28 


763 


± 





301 


37 


3625 


29 


761 


± 





327 


37 


3625 


28 


981 


± 





327 


38 


5875 


30 


014 


± 





362 


38 


5875 


29 


234 


± 





362 


39 


8125 


30 


321 


± 





410 


39 


8125 


29 


541 


± 





410 


41 


0375 


30 


208 


± 





384 


41 


0375 


29 


428 


± 





384 



18 
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TABLE 6 
Structural parameters of B514 



Parameters F606W F814W 
~ni 0.36lo 05 arcsec (= LSStg jg pc) 0.36j:o;og arcscc (= I.SSIq 22 pc) 
n lemtfll '^^^^'^^ (= pc) 16.79lJ-^g arcscc (= 63.78tfll pc) 
c = log(rt/ro) '^^ 1-661^4 ' \ 1-681^1 

Tfi 1.31^o'q8 arcsec (= S.OO^g'jl pc) 1.36lg'Jg arcsec (= S.lTlg'gl pc) 
MO (mag arcsec-^) 16.25t° ll 15.64lgJ° 



TABLE 7 

BATC PHOTOMETRY OF B514 



Filter 


Central wavelength 


Bandwidth 


Number ol images 


Exposure time 


rms 


Magnitude 




(A) 


(A) 




(hours) 


(mag) 




a 


3360 


222 


6 


2:00 


0.010 


17.59 ±0.05 


b 


3890 


187 


6 


2:00 


0.010 


16.82 ±0.02 


c 


4210 


185 


4 


1:00 


0.002 


16.52 ±0.01 


d 


4550 


222 


4 


1:20 


0.015 


16.25 ± 0.02 


e 


4920 


225 


3 


1:00 


0.007 


16.05 ±0.01 


f 


5270 


211 


3 


1:00 


0.014 


15.85 ± 0.02 


9 


5795 


176 


3 


1:00 


0.010 


15.64 ± 0.01 


h 


6075 


190 


3 


0:50 


0.005 


15.56 ±0.01 


i 


6660 


312 


3 


0:50 


0.004 


15.44 ±0.01 


j 


7050 


121 


3 


1:00 


0.006 


15.33 ±0.01 


k 


7490 


125 


3 


1:00 


0.011 


15.25 ±0.01 


m 


8020 


179 


3 


1:00 


0.003 


15.19 ±0.01 


n 


8480 


152 


3 


1:00 


0.005 


15.12 ±0.01 



TABLE 8 

2MASS AND GALEX I'IIoiomhtry of B514 



Filter 


Magnitude 


J 


14.23 ±0.07 


H 


13.32 ±0.06 


Ks 


13.63 ± 0.10 


NUV 


19.57 ±0.86 


FUV 


20.44 ± 2.30 



TABLE 9 

Mass estimates (and uncertainties) of B514 based on the BC03 models 



V u 


g r I z 


J 




A", 


Mass (10** M©) 


1.08 ± 0.03 0.99 ± 0.03 


1.06 ±0.03 1.02 ±0.03 1.0 ±0.03 0.98 ± 0.03 


0.98 ± 0.06 


1.41 ± 0.08 


0.96 ± 0.09 



